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correct  to  exaaine  the  longitudinal  tossing  of  SVP,  ieterained  by 
systea  of  equations: 

( i ‘ A *■)  * + 2A^  + * y T-  *»  ~Jr cos  ( J'  ~ £»): 

(A  M/J  ♦ + 2A/+ i + —i. * - v« cos  (3r  - vt).  <S2$ 

Page  429. 

The  calculations  of  the  paraaeters  of  longitudiual  tossing, 
their  aaplitude-fr equency  and  phase-frequency  characteristics  can  be 
aade  on  the  basis  experiaental  data,  obtained  during  nodel  tests. 

.several  words  about  the  problea  of  the  stabilization  of  SVP 
during  agitation.  The  statistical  laterials  about  tha  paraaeters  of 
the  tossing  of  SVP,  given  are  above,  with  sufficient  persuasiveness 
they  show  that  during  actioc  during  the  agitation  of  lav  court  on  the 
air  cushion  is  is  tested  the  intense  on-board  and  longitulinal 
tossing.  By  coaplately  logical  in  connection  with  this  is  represented 
the  fornulation  of  the  problea  of  noderating  the  tossing  of  SVP. 

It  is  known  that  there  are  three  aethcds  cf  the  stabilization  of 
the  vessel: 

the  structural/design  stabilization,  attained  bf  the  selection 
of  rational  aeasureaents  and  fcras; 
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1)  the  aerodynamic  controlled  diving  rudders, 
establish/installed  after  propellers,  working  in  airflow  from 
screw/propellers,  with  symmetrical  relative  to  center-line  plane 
location  the  aerodynamic  controllers  capable  of  providing  effective 
moderation  of  the  rolling  action.  Bith  the  location  of  the 
aerodynamic  controllers  in  their  forage  it  is  possible  to  utilize, 
also,  as  the  dampers  of  keel  tossing. 

Thus,  aerodynamic  diving  rudders  in  their  rational  location  and 
the  matching  system  of  control  can  become  the  universal  dampers, 
which  ensure  moderation  of  the  spread/scopes  of  on-board  and  keel 
tossing. 

2)  Dampers  of  tossing,  instituted  on  pressure  adjustment  in 
different  sections  of  the  air  cushion.  Regulating  air  supply  from 
fans  in  the  section  of  the  air  cushion,  it  is  possible  to  create 
righting  moment,  which  compensates  for  the  icment  of  the  axternal 
forces,  which  effect  both  in  longitudinal  and  in  transverse  plane. 

Thus,  and  this  type  of  the  damper  of  tossing  * is  universal, 
that  ensures  moderation  of  on-board  and  keel  tossing. 

FOOTNOTE  *.  For  the  first  tine  this  type  of  the  damper  of  the  tossing 
of  SVP  was  proposed  by  Tu.  Tu.  Benua.  See  also  the  patent  of  France 
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cl-  V®0  MO  1*76633,  1967-  ENDFOOTNOTE. 

Its  basic  advantage  is  the  use  as  operating  unit  of  regular 
superchargers.  External  energy  will  be  required  only  for  the  drive  of 
the  adjustable  shutter/valves  in  air-distributing  chinnels. 

3)  Hydrodynaaic  daupers  of  tossing  - controlled  or  unguided 
ocntrols,  which  represent  by  itself  the  low-aspect-rat io  wings, 
working  in  the  incident  fluid  flow.  These  daapers  can  obtain  the 
application/use  on  of  special  SVP  cf  the  ccapound  configuration, 
basic  part  of  lift  of  which  is  created  by  tke  air  cushion,  and  wing 
systeas  are  utilized  for  an  iaproveaent  in  stability  of  notion  and 
Moderation  of  tossing. 

The  hydrodynaaic  daapers  of  tossing  can  be  used,  also,  to  SVP  of 
class  B with  arran geaent/posit icn  bringing  in  cn-boacd  boats. 

Page  431. 

In  this  case  the  constructicn  cf  ccntccls  can  be  close  to  the 
construction  of  the  on-board  controls  of  the  water-displacing 
vessels. 


One  should  expect  that  within  the  next  few  years  to  the 
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capacity  are  selected  during  design  so  that  would  be  eliminated  the 
impact/shocks  of  housing  against  water  a^d  its  inten  ctioii'  with  wave 
during  lotion  under  the  assigned/prescribed  conditions  of  wariness. 
Then  drag-rise  characteristics  is  determined  only  by  interaction  of 
flexible  enclosure/protections  with  wares  and  the  character  of  the 
effect  by  reactire  coipcncnt. 

During  lotion  during  agitation,  the  flexible 
enclosure/protections  of  elastic  are  deforied  under  the  action  of 
wares.  To  aroid  the  mechanical  contact  cf  flexible 

enclosure/protections  with  wares  is  rirtually  impossible,  but  during 
correct  construction  it  is  possible  to  considerably  iecrease  the 
appearing  during  such  an  interaction  resisting  forces  to  lotion. 
Theoretically  the  resistance,  which  appears  during  interaction  of 
flexible  enclosure/protection  with  water,  defined;  therefore  during 
design  this  resistance  is  considered  as  comprising  of  permanent 
hydrodynaiic  drag,  recounted  during  transition  from  model  to  nature 
according  to  the  law  of  mechanical  similarity  with  equality  Proude 
numbers. 

Fage  4 32. 

Sometimes,  disposing  of  sufficient  experimental  material,  it  is 


possible  to  isolate  the  resistance  of  interaction  of  flexible 
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enclosure/protections  with  water  into  separate  that  soapri.se  of  total 
resistance.  So,  luring  the  ye  rr  1964- 1965  on  the  basis  of  *estings 
of  SVP  VA-3  by  tha  fira  Republic  was  derived  empirical  foraula  for 
determining  the  drag  coefficieat  of  the  flexible  enclosure/protection 

Pocaula  is  used  under  the  condition 

0,005  < JL  < — h’  < 0,1, 

Ln  2 La 

Key:  (1).  and. 

where  h>  - wave  height,  a; 

t - average  on  periaeter  the  value  of  the  clearance  aetwean  flexible 
egclosure/protection  and  shield,  a; 

- length  of  the  air  cushion,  a. 

For  V A— 3 with  L„=  15  *,  t=0.C2  a and  to  wave  height  ft,  = 

1,0  * C'r.»  = °’25'  In  sP®*d  7A-3,  equal  to  113  ka/h  (31  u/s>  , this 
corresponds  to  an  increase  in  the  resisting  force  on  1170  kg. 


Daring  the  rasearch  design  of  SVP  abroad,  is  applied  another 
foraula 
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where  Fr  - Proude  number; 

pn  - pressure  in  the  air  cushion,  lb/ft*;' 

G - weight  of  SVP,  n; 

- length  of  the  air  cushion,  feet; 

,I«  - wave  height,  feet. 

The  resistance  to  notion  of  SVP  during  agitation  depends  on 
length  and  wave  haight,  heading/course  angle,  speed  of  running,  rate 
of  discharge  of  air.  Figures  183  gives  dependence  of  the  resistance 
of  SVP  SKHa-1  on  regular  agitation  from  the  enumerated  parameters, 
obtained  according  to  test  results  in  basin. 

Page  433. 

The  examination  of  these  dependences  makes  it  possible  to  make  the 
following  conclusions: 

a sharp  increase  of  resistance  occurs  durirg  notion  igainst 
waves  and  at  acute  heading/course  angles; 


i 
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the  greatest  value  of  resistance  it  reaches  during  aotion 
against  naves  by  the  length  X = 1,2  1,5  L„, 

with  further  increase  of  wavelengths  resistance  to  notion  is 
decreased  and  becoaes  the  approxiaately  egual  to  resistance  during 
notion  by  log  to  nave; 

during  aotion  on  waves  with  X = 1 -+-  2 L„  resistance  intensely 
grow/rises  with  an  increase  in  the  running  speed; 

an  increase  in  altitude  of  wave  leads  to  a proportional  increase 
in  the  resistance; 

an  increase  in  the  air  flow  rate  nakes  it  possible  to  sharply 
lower  resistance  to  notion  during  agitation. 


r 
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Pig.  183.  Dependence  of  resistance  to  notion  SKNR-1  during  agitation 
on  different  parameters:  a)  on  KUV;  fc)  on  tie  fan  capacity  and 
running  speed;  c)  on  the  uavelengtt  and  runring  speed. 

Key:  (1).  Resistance,  t.  (2).  r/nin.  (3).  Speed,  knots. 

Page  434. 

Resistance  to  notion  during  agitation  depends  to  a considerable 
extent  also  on  the  construction  of  flexible  enclosure /protections  and 
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on  the  centering  of  SVP.  Figures  184  gives  ccnstructsd  for 
experiaental  SVP  of  the  dependence  of  relative  supplement* ry 
resistance  during  agitation  on  wave  height  with  different  Froude 
numbers.  These  dependences  are  characteristic  crly  far  tha  specific 
construction  of  flexible  enclosure/protect icn,  specific  valueetric 
flow  rate  of  air  and  ratio  of  pressure  in  flexitle  receiver  to 
pressure  in  cushions,  -1.2. 

An  increase  in  the  resistance  leads  to  considerable  deceleration 
of  the  course  of  SVP  during  agitation. 

The  given  to  Fig.  185  dependences  of  tfce  speed  af  running  of  SVP 
on  the  intensity  of  agitation  show  that  during  the  agitation  of  3 
points  the  speed  of  running  of  launches  SRN5  and  SRN6  falls  on 
20-30o/o.  During  the  agitation  of  3-4  points  also  is  substantial 
deceleration  of  course  SRN4  - largest  of  foreign  SVP. 


I 
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part  of  the  length  of  the  air  cushion,  SVP  is  is  tested  effect  of  the 
accelerations  of  low  amplitude  and  high  frequency.  The  air  cushion 
which,  it  would  seen,  aust  damp  the  slight  disturbances  and  absorb 
the  accelerations  of  low  amplitude,  transfers  then  to  housing.  This 
scaewhat  an  unexpected  phenomenon  explained  by  Cockecell  [64]. 

Let  us  exaaine,  for  example,  the  aoticn  of  rectangular  in  the 
plan/layout  of  SVP,  in  cushion  of  which  pretsvre  are  300  kgf/m*. 

| Vessel  goes  against  waves  with  a length  of  1 = 0,4  L„.  In  a moment  for 

the  extent /elongat ion  of  the  length  of  the  air  cushion  under  vessel, 
are  located  three  apex/vertexes  and  two  wave  ticughs,  while  at 
following  torque/aonent  wave  systea  will  aove  and  under  vassel  will 
be  already  two  apex/vertexes  and  three  tottcas.  If  during  this 
displaceaent/aoveaent  tie  volume  of  cushioa  charged  only  to  lo/o, 
then  this  will  leid  (we  consider  the  duct/contour  of  the  air  cushion 
clcsed)  to  a change  of  the  absolute  pressure  in  cushion  on  lo/o, 
i.e.,  on  106  kgf/a*  ( 10 330* 300/ 100) . But  106  kgf/n*  will  be  1/3 
pressures  in  cushion,  and  the  appearance  of  this  pressure  will  lead 
to  the  eaergence  of  the  effective  on  SVP  acceleration,  equal  to  1/3 
g.  During  a change  in  the  fora  of  SVP  and  during  transition  from 
rectangular  to  fora  with  the  pointed  fcrepart/ncse  tip  and  rounded 
stern  the  sensitivity  of  vessel  to  the  disturt ance/perturbations, 
caused  by  short  waves,  is  decreased.  During  notion  on  the  longer 
naves  of  a change  of  the  volume  of  the  air  ccshion  in  certain  cases. 


DOC  = 781  14701 


PAGE  18 


they  can  be  large,  and  acceleratio rs  Mill  increase,  accelerations, 
Mhich  effect  on  SVP,  caused  not  only  change  in  the  volume  of  cushion 
and  by  the  caused  by  it  change  in  the  pressure,  but  also  by  the 
parameters  of  longitudinal  tossing. 


As  is  known,  there  are  physiological  thresholds  of  the 
perception  of  the  accelerations  of  the  tossings  after  which  of  nan 
begin  to  be  developed  ard  tc  progress  the  symptoms  o£  sea-sickness. 
Especially  intensely  sea-sickness  is  developed  during  vertical 
accelerations  more  than  0.1  g and  rotary  accelerations  more  than  3 
deg/s*.  The  value  of  the  permissible  vertical  accelerations  is 
designated  depending  on  the  extent  of  route  and  the  frequency  of  the 
appearance  of  accelerations.  In  England  the  tclerance  level  of 
accelerations  for  passenger  SVP  is  accepted  equal  to  0.1  g at 
frequency  2 Hz  and  are  not  more  than  0.2  g at  the  frequency  of  less  1 
Hz.  If  the  extent  of  route  does  not  exceed  8 miles,  ire  considered 
permissible  vertical  accelerations  to  2 g.  For  SVP  of  military 
designation/purpose,  the  tolerance  level  of  accelerations  also  can  be 
built  up  to  2 g. 

The  prospect  of  passenger  air  cushion  vehicles  to  a considerable 
degree  depends  on  that,  be  managed  to  sclve  the  problem  of  the 
tossing  of  these  vessels  and  to  ensure  the  normal  accelerations, 
permissible  according  tc  the  conditicns  of  comfort.  In  connection 


1 


d 


with  this  in  England,  were  carried  out  the  invest igat ions  of  the 
dependence  of  accelerations  on  displacement  and  measurements  of 


vessels,  the  height/altitude  of  flexible  enclosure/pc otect ions,  the 
power  of  fans  and  the  speed  of  running  [64].  The  results  of  these 
investigations  are  given  tc  rig.  187,  and  also  to  Pig.  188-192. 

Page  4 37. 

Figures  187  shows  cliabing  range  of  the  botton  of  housing  fron 
bearing  surface  depending  on  the  speed  of  running  and  parameters  of 
agitation  when  the  vertical  accelerations  of  SVF  nust  not  exceed  0.5 
9- 

.] 

It  is  possible  to  conclude  that  fcr  providing  tae 


assigned/prescribed  level  of  accelerations  ainieua  cliabing  range 
during  motion  on  any  waves  up  to  300  a in  length  nust  be  3 a - with 
speed  of  100  knots,  1.8  a - at  speed  50  knots  and  1.2  a - at  speed  25 
knots.  Since  according  to  the  conditions  of  providing  the  stability 
cliabing  range  cannot  exceed  1/6  width  cf  SVP,  then  to 
beight/altitudes  3;  1.8  and  1.2  a will  correspcnd  the  widths  of  SVP 
with  respect  18,  11  and  7.2  a.  After  accepting  as  prototype  SVP  with 
relation  L:  B=2,  is  not  difficult  to  determine  length  SVP,  and  then 
according  to  the  law  of  siailarity  to  find  disp laceaa nt. 
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Fig.  187.  Clinking  range  cf  the  boosing  of  STP  fron  «ater  surface, 
necessary  for  providing  the  nornal  accelerations  i$0.  5 g. 

Key:  (1).  The  naxinun  altitude  of  waves.  (2).  fleight/altitude  of 
wave,  n.  (3).  100  knots  (against  wave).  (4).  Displacanent  of  standard 
cf  STP,  t.  (5).  knots.  (6).  Height  VP,  n.  (7).  knots  (on  wave).  (8). 
Wavelength,  n. 

Page  *38. 

As  a result  it  was  establish/installed  that  the  pernissible 
level  of  the  vertical  accelerations  of  tossing  0.5  g can  be  provided: 
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in  notion  with  speed  to  100  knots  - for  SEP  by  displacement  250 
t at  clinbing  range  3 ■; 

in  notion  up  to  50  knots  in  speed  - for  SEP  by  displacement  60  t 
at  clinbing  range  1.8  n; 

in  notion  up  to  25  knots  in  speed  - for  SEP  by  displacenent  20  t 
at  clinbing  range  1.2  n. 

In  Fig.  188  the  sane  dependences  are  designed  oa  the  basis  of 
pernissible  level  of  accelerations  0.1  g.  To  SEP  by  the  displacenent 
■ore  than  1000  t this  level  of  accelerations  can  be  provided  at  the 
running  speed  to  100  knots  at  clinbing  range  of  housing  more  than  5 
n;  to  SVP  by  the  displacenent  of  more  than  500  t - at  the  running 
speed  to  50  knots  at  clinbing  range  of  approxinately  4 n,  while  to 
SVP  by  displacenent  of  appr cxinately  150  t - at  the  speed  of  running 
of  25  knots. 

However,  in  order  to  achieve  the  assigned/prescribed  level  of 
vertical  accelerations,  it  is  insufficient  to  select  the  measurements 
of  SEP  and  clinbing  range  in  accordance  with  the  reconnendations, 
given  to  Fig.  187  and  188. 

The  form  of  housing,  internal  air  chancels,  the 
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relationship/ratio  of  pressures  in  ceceieet  and  in  cushion, 
construction  and  the  aaterial  of  fleiible  enclcsure/protez tions  aust 
be  selected  so  as  to  ensure  sufficient  rigidity  and  at  the  saie  tiae 
the  adaptability  of  an  entire  hoisting  systea. 


L 


Fig.  188.  Cliabing  rang*  of  bousing  of  STP  froa  water  surface, 
necessary  for  providing  the  nornal  accelerations  W^O.  1 g. 


Key:  (1).  The  aaxinua  altitude  of  waves.  (2).  100  knots  (against 
wave).  (3).  knots.  (4).  Have  height,  n.  (5).  100  knots  (on  wave). 
(6).  Displaceaent  of  standard  of  SVP,  t.  (7).  Height  VP,  a.  (8). 
Wavelength,  a. 

Page  439. 


*nd  that  is  especially  iaportant,  aust  be  provided  the  sufficiently 
high  vcluaetric  flow  rate  of  air  for  the  compensation  losses  with 
tossing. 
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Jit  the  first  stages  of  the  design  of  SVP,  the  volumetric  flow 
rate  of  air  is  determined  cc  the  basis  cf  the  provision  for  the  best 
running  qualities  of  vessel  on  call  water. 


As  noted  in  chapter  IV,  the  curve  of  the  dependence  of  the 
resistance  to  notion  of  vessel  on  call  water  on  the  air  fLow  rate  has 
its  optima.  It  is  experimentally  establish/installed  that  this 
optiiui  for  S VP  with  flexible  end csure/protect  ions  of  the  type 
flexible  nozzle  correspcnds  to  average  on  perimeter  gap  length 
between  th*  bearing  surface  and  the  flexible  enclosure/protection, 
equal  to  0.004  L„.  For  SVP  with  open  type  transverse-separ  ated 

cell/elene nts  the  optima  ratio  of  gap  length  to  the  length  of  SVP, 
it  can  render/show  considerably  less;  therefore  for  providing  the 
running  qualities  of  SVF,  there  is  no  need  for  increasing  clearance 
with  an  increase  in  the  displacemert. 

That  determining  when  selecting  cf  pressure  setting  up  is  now 
the  requirement  of  the  prevision  for  a voluaetric  flow  rate  of  the 
air,  which  corresponds  to  the  conditions  of  seaworthiness.  This  flow 
rate  must  be  sufficient  for  the  compensation  periodic  air  losses  with 
the  tossing  of  SVP. 

Figures  189  gives  given  data,  that  characterize  the  volumetric 
flow  rate  of  air  for  SVP  of  different  displacement.  It  is  possible  to 
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note  that  the  dimension  less  parameter,  which  represents  by  itself  the 
ratio  of  the  volumetric  flow  rate  of  air  to  the  voluae  of  the  air 
cushion,  divided  into  the  period  of  natural  bouncing  of  S7P,  does  not 
depend  on  displacement.  The  greatest  voluaetric  flow  rate  of  air  can 
be  determined  by  the  following  formula: 

Q = 1 .5 S„hr  „ ± I / ' 0.75  Sa  1 Vo,  ■«'!&.  (527) 


Key:  (1).  as/s. 


The  i cvestiga tions,  carried  out  in  England,  will  make  it 
possible  to  establish/install  the  dependences  between  the  fan 
capacity  and  the  level  of  vertical  accelerations  during  the  motion  of 
STP  during  different  agitation  with  the  different  running  speed. 


( 


nnr 
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Pig.  189.  Dependence  of  the  relative  air  flew  rate  on  the 
displaceaent  of  vessel. 


Key:  (1).  Greatest  floe  rate.  (2).  Average  operating  costs. 


Page  440. 


These  dependences  are  given  to  Pig.  190,  191,  and  their 
eiaeination  makes  it  possible  to  make  the  following  conclusions: 

at  the  speei  of  running  of  50  knots  for  vessels  of  cushion  of 
approximately  40  a in  length  and  the  displacement  of  approximately 
250  t of  acceleration  they  will  not  exceed  C.5  g,  if  the  specific 
pewer  of  fans  is  40  hp/t; 

for  providing  the  accelerations  0.1  g the  necessary  specific 
pewer  cf  fans  grow/rises  to  65  hp/t; 
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for  vessels  by  displacenent  of  approxiaately  20J0  t of  cushion 
of  approxiaately  80  a ic  length  the  specific  pcver  of  fans  will  be 
lowered  respectively  to  20  and  45  hp/t; 

at  the  speed  of  running  of  IOC  knots,  the  specific  power  of 
fans,  necessary  for  providing  the  assigned/prescribed  level  of 
accelerations,  sharply  crow/rises  and  ccaprises  at  the  length  of  SVP 
cf  approxiaately  40  a (G=250  t)  frca  ICO  to  120  hp/t,  while  at  length 
of  approxiaately  80  a (G-2000  t)  - froa  60  to  9C  hpA. 

It  is  coaplately  obvious  that  the  power  of  fans,  necessary  for 
providing  the  assigned/prescribed  level  of  vertical  iccalerations  at 
speed  100  knots,  exceeds  the  Units  technical  capabilities.  To  SVP 
with  this  running  speed,  can  be  provided  for  only  considerably 
saaller  specific  power  cf  fans,  and  therefore  they  will  have 
limitations  on  the  speed  depending  on  the  intensity  of  agitation. 

One  aust  not  fail  to  note  that  the  characteristic  of  the  power 
of  fans,  necessary  for  providing  SVP  of  the  vertical  accelerations, 
which  do  net  exceed  0. 5 g (Fig.  19C) , prove  to  te  even  at  speed  50 
knots  higher  than  in  practice  the  designs  accepted. 
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So,  t he 
SVP  S 816  and 


specific  pcver  of  fans,  establisbed/installel  on  English 
SRM4,  comprises  respectively  28  hp/t  and  25-40  hp/t. 
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Pig.  190.  Specific  driving  power  of  fans  of  SVP,  necessary  for 
Providing  the  assigned/prescribed  level  of  nerval  accelerations 
daring  motion  50  knots  in  a rate  of. 

— — acceleration  W^O.  1 g; 

- - - - acceleration  8^0.5  g. 

Key:  (1).  Specific  driving  power  of  fans,  hp/t.  (2).  knots.  (3). 

Wavelength,  a. 

Page  441. 

Taking  into  account  that  the  specific  power,  necessary  for 
providing  the  assigned/prescribed  level  of  accelerations,  is 
decreased  with  an  increase  in  the  linear  neasorements  of  SVP,  it  is 
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possible  to  design  the  power  of  fans  which  would  be  cequired  for 
air-cushion  crafts.  This  power  will  ccaprise  fcr  SHN6  about  60  hp/t, 
and  for  SRH4  - about  50  hp/t. 

However,  this  essential  decrease  of  the  actually  available 
specific  power  on  of  floating  SVP  in  comparison  with  calculated  for 
providing  the  accelerations  H^0.5  g will  not  lead  to  a considerable 
deterioration  in  seaworthiness  SRN  6 and  SBN4.  In  connection  with  this 
the  dependences,  given  to  Fig.  190-191,  can  be  considered  as 
desirable  maximum. 

Otilizing  the  law  of  similarity  and  being  tased  on  test  data  of 
models  of  SVP  during  irregular  agitation,  it  is  possible  to  predict 
the  seaworthiness  of  promising  air  cushion  vehicles.  Such 
investigations  were  carried  out  in  England,  and  they  will  make  it 
possible  to  establish/install  the  dependence  of  the  seaworthiness  of 
SVP  on  displacement  and  the  running  speeds  on  the  tolerance  level  of 
vertical  accelerations  .0.5  g and  of  power-weight  ratio  of 
approximately  100  hp/t  (Fig-  192). 

The  examination  of  these  dependences  makes  it  possible  to  make 
the  following  conclusions: 


on  the  assigned/prescribed  level  of  the  allowable  accelerations 
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Pig.  191.  Specific  power  of  fan  drives  for  SVP,  necessary  for 
providing  the  assigned/prescribed  level  of  cereal  accelerations 
daring  aoticn  100  knots  in  a rate  cf. 

acceleration  W<0. 1 g; 

- - - - acceleration  0.5  g. 

Key:  (1).  Specific  driving  power  of  fans,  hpyt.  (2).  knots.  (3). 
Wavelength,  a. 


Page  442 
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vessels  with  displacement  250-500  t can  neve  with  spaed  to  60-80 
knots  during  the  agitation  of  5 points,  and  accelerations  in  this 
case  will  not  exceed  0.5  g; 

only  large  vessels  with  displacement  ct  approximately  2000  t 
capable  they  will  be  of  meving  at  a high  speed  cf  course  in  the  high 
sea  under  storm  conditions. 

Let  us  note  that  the  giver  dependences  are  constructed  for  the 
vertical  accelerations  cf  tossing  C.5  g and  do  not  characterize 
entirely  the  seaworthiness  of  ships  and  air  cushion  vehicles.  The 
limits  of  the  safe  floating  of  SVP  lie/rest  considerably  curves  given 
higher  than;  therefore  vith  certain  digression  from  the  level  of  the 
permissible  accelerations  (to  1-2  gj  of  the  characteristic  of 
seaworthiness,  they  can  be  substantially  improved.  As  confirmation  of 
this  can  serve  the  graphs  of  the  seaworthiness  cf  SVP,  given  to  Fig. 
185.  And  still  one  the  observation:  dependences  in  Fig.  192  are 
constructed  for  the  most  adverse  state  of  action  against  wave.  During 
notion  at  other  heading/course  angles  cf  the  characteristic  of 
seaworthiness,  they  will  be  considerably  best. 
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Pig.  193.  Change  of  power-weight  ratio  of  SVP  depending  on' 
displacement  and  running  speed  on  calw  water  and  during  agitation. 

Key:  (1).  Height/altitude.  (2).  flexible.  (3).  enclosure/protect ion 
(«).  Speed  during  agitation.  (5).  Speed  on  cals  water,  Knots.  (5a). 
hp/t.  (6).  SVP  with  complete  breakaway  frow  water,  knots.  (7).  SVP 
without  breakaway  frow  water.  (8).  Air  motors.  (9).  Gross  weight,  t. 

Page  444. 
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The  more  total  characteristic  of  the  expected  saa worthiness  of 
premising  S?P  give  the  giver  in  B.  Stanton- Jones'  known  work  [75] 
dependences  of  seaworthiness  (by  character izable  wave  height  of  the 

4«/o  security,  with  which  it  ia  possible  action  of  SVP  50  knots  in  a 

velocity  of)  on  displacement  and  power-weight  ratio  (Fig.  193)  and 

also  a graph  of  the  power-weight  ratio  of  SVP  with  an 

Morsase  in  the  diaplaeeaent  (Pig.  194).  Dering  the  constraction  of 

these  graphs,  was  accepted  the  assuapticn  that  SVP  with  air  notors 
they  can  be  created  with  displaceaent  to  40C  t;  with  larger 
displaceaent  to  SVP,  aust  be  provided  for  the  setting  up  of  water 
actors  (screw/propellers,  jets). 

Graph  in  Fig.  193  nakes  it  possible  tc  lake  the  following 
conclusions: 

for  SVP  with  displaceaent  to  400  t the  increase  of  power-weight 
ratio  fron  60  to  100  hp/t  leads  to  the  propcrticnal  increase  of 
seaworthiness: 

for  the  increase  of  the  running  speed  during  agitation  from  50 
to  60  knots  it  is  necessary  to  increase  power-weight  ratio  of  SVP  1.5 
tines. 
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ratio  cf  promising  SVP  on  displacement  and  running  speed.  On  graph 
are  plotted/applied  the  points,  which  correspond  to  power- weight 
ratio,  the  running  speed  and  the  seaworthiness  of  coat emporary  SVP. 
Fro*  curve/graph  it  is  evident  that  the  required  powar-weight  ratio 
cf  SVP  substantially  descends  with  an  increase  in  the  displacement. 
So,  for  providing  the  running  speed  cn  call  water  of  70  knots 
power-weight  ratio  of  SVP  by  displacement  2G,  200  and  1000  t *ust 
reach  with  respect  130,  80  and  60  hp/t.  During  lotion  against  the 
waves  whose  height/altitude  is  3/4  height/altitudes  of  flexible 
epclosure/protection  <h4s  = 0.75  Hr  a),  will  be  provided  speed  to  20-30 
knots  less  than  during  aoticn  on  caln  water. 

§33.  Swanping  and  spraying  of  SVP. 

Swanping  and  spraying  of  the  water-displacing  vessels  is  caused 
in  essence  by  the  keel  tossing,  accompanied  by  the  inpact/shocks  of 
forepart/nose  tip  against  wave  and  by  the  incidence/impingement  of 
the  masses  of  water  to  deck.  Onlike  swanpinc  and  spraying  of  the 
water-displacing  vessels  the  basic  source  of  spray  formatibn  during 
the  motion  of  air  cushion  vehicles  is  the  outflow  of  air  from  the 
zone  of  elevated  pressure,  which  leads  to  f creation  around  SVP  of  the 
film  (curtain)  of  spray.  In  hovering  of  launch  cn  cushion  (without 
oourse)  this  film  is  almost  vertical.  During  motion  in  pre-swell 
conditions/mode,  splash/spatter  curtain  in  forepart/nose  tip 
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gradually  disappears.  In  post-swell  conditions/aode  with  an  increase 
in  speed  of  splash/spatter  curtain  is  displaced  into  stern  and 
becones  ewer  flatter.  At  high  running  speeds,  s plash/spa tter  fila  is 
retained  in  the  fora  of  the  narrow  tail,  which  begins  approximately 
during  aidsection.  During  aotion  with  cross  wind,  splash /spatter 
curtain  of  windward  board  is  related  by  wind  to  the  rear  portion  of 
SVP. 

Spraying  considerably  grow/rises  during  the  notion  of  SVP 
against  wave  and  wind  by  the  low  speeds  of  the  course  when  intense 
pitching  action  leads  tc  large  vertical  aovenent  of  forepart/nose  tip 
and  contributes  to  the  inrosh/breach  of  the  large  aasses  of  air 
forward.  Bith  an  increase  in  the  velocity  cf  turning  speed  during 
agitation,  spraying  substantially  is  decreased. 

At  low  tenperature  spray  foraation  leads  to  the  icing  over  of 
housing  and  protruding  parts.  Propellers,  fans  and  flexible 
enclosure/ protections,  as  a rule,  in  this  case  do  not  becoae  covered 
with  ice. 

Page  446. 

Spray  foraation  intensely  grow/rises  with  an  increase  of  the 
pressure  in  cushion.  Let  us  note  that  the  process  of  spray  foraation 
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is  not  simulated;  therefore  it  is  not  possible  cn  tha  data  aodel 
testings  to  determine  the  intensity  of  spray  formation.  In  Pig.  12  it 
is  possible  to  see  splash/spatter  tail,  which  is  foraed  during  the 
notion  of  SVP  SRN3 . 

§34.  Special  feature/peculiarities  of  nautical  model  tests  of  SVP. 

During  the  design  of  full-scale  SVP  to  simulation  experiment  is 
given  the  special  importance,  since  nodel  test  nates  it  possible  to 
study  their  behavior  during  notion  during  tegular  ani  irregular 
agitation  with  different  speeds  on  different  courses  relative  to 
wave.  During  these  testings  is  investigated  the  altitude  affect  and 
wavelength  on  the  paraneters  of  the  notion;  of  nodel,  and  also  the 
dependence  of  seaworthiness  of  SVP  on  the  vclunetric  flow  rate  of 
air,  centering  of  vessel,  construction,  material  and  size/dine nsions 
of  flexible  enclosure/protection.  Curing  nodel  test,  is  checked  also 
the  correctness  in  project  cf  the  arch i tec t era  1 solutions  accepted 
aqd  relationship/ratios  of  nain  measurements. 

The  scales  of  models  can  be  different  - frem  1/20  to  1/2.  During 
the  creation  of  nodels  they  do  not  only  observe  geometric  similarity, 
but  also  they  attempt  to  ensure  the  similarity  cf  mass  distribution, 
air  pressure  in  receiver  and  the  air  cushion,  or  the  volunetric  flow 
rate  of  the  air  through  fans. 
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Testings  are  conducted  on  the  towed  or  self-propelled  models. 
Simulation  is  produced  by  the  observance  o,f  equality  Proude  numbers 
model  and  full-scale  vessel.  Since  resistance  is  partially  caused  by 
the  fricticn  of  the  flejible  enclosure/pr otcct icn,  which  contacts 
with  water,  simulation  according  to  Proude  is  net  precise. 

During  testings  of  the  towed  models,  are  provided  three  degrees 
of  freedom:  is  all ow/assumc d tie  possibility  of 

oscillation/vibrations  on  vertical  line  and  around  axle/axes  OX  and 
OZ.  Self-propelled  models  pcssess  six  degrees  of  freedom;  therefore 
their  testings  give  the  most  reliable  and  complete  material. 

It  follows  to  consider  that  if  during  testing  of  self-propelled 
models  the  vector  of  detent  changes  direction  with  heel  tossing,  then 
during  testing  of  the  towed  models  this  vector  retains  its  direction. 
Thus,  during  towing  tests  substantially  are  disrupted  the  conditions 
of  simulation.  But  if  we  consider  that  during  notion  daring  agitation 
the  resistance  of  SVP  it  is  changed  with  the  passage  of  waves,  and 
consequently  it  is  changed  and  speed,  then  it  will  become  obvious, 
that  during  towing  tests  with  constant  velocity  are  disrupted  the 
conditions  of  simulation  for  the  value  of  detent  and  its  direction 


relative  to  model 
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Page  447. 

All  this  leads  to  the  essential  difference  for  kinematics  of  the 
■otion  of  the  towed  and  self-propelled  aodels  under  identical  test 
conditions,  so,  the  spread/scopes  of  keel  and  vertical  tossing  daring 
towing  tests  prove  to  be  considerably  greater  than  daring 
self-propelled  testings. 

Therefore  in  order  to  obtain  the  sufficiently  ra liable  data  on 
the  tossing  of  SVP  and  to  evaluate  its  seaworthiness,  it  is  necessary 
to  carry  out  self-propelled  aodel  tests  during  irregular  agitation. 

When  conducting  of  seaworthiness  trials  of  larga-scale 
self-propelled  aodels,  appear  the  specific  problems  whose  solution 
requires  the  creation  of  special  metering  eguipaent  and  developaent 
by  the  person  of  the  measuring  technique. 

First  this  problen  - aeasureaent  of  speeds.  The  rates  of  the 
motion  of  SVP  relative  to  water  and  relative  tc  air  under  actual 
conditions  are  different.  Taking  into  account  that  the  acting  on  s;*° 
aerodynamic  forces  (including  the  force  of  ptlse  resistance)  depend 
cn  air  velocity,  and  flow  forces  - from  speed  relative  to  water,  for 
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the  correct  detereinati.cn  of  forces,  it  is  necessary  to  know  the 
values  of  these  velocities.  Metering  equipment  eust  record/fix  value 
and  sense  of  the  vector  of  speed  relative  tc  water  and  air. 

In  the  practice  of  seaworthiness  trials,  the  spaed  relative  to 
water  is  deternined  by  the  Doppler  aeter,  vfcich  fixes  the  rate  of  the 
forward  notion  of  SVP  along  axle/axes  Ox  and  Oz.  Spead  can  be 
deternined  also  during  the  use  of  a systen  cf  external  neasureaents  - 
coast  notion  picture  theodclite  posts,  which  lead  synchronous 
photography  of  SVP  in  the  trajectory  cf  aoticn,  or  aarial 
reconnaissance  of  the  displacenent/novenents  of  SVP  of  the  relatively 
fixed/recorded  on  water  base. 

Taking  into  account  the  great  effect  of  the  drift  of  SVP  of 
relatively  water  surface  cn  the  forces,  which  effect  on  vessel,  the 
neasurenent  of  drift  angle,  equal  to  arctgj^-,  eust  be  produced  with 

* x 

high  accuracy/precision.  In  the  practice  -of  road  tests,  it  is 
accepted  that  the  drift  angle  nust  be  naintain/withstood  by  driver 
within  linits  of  t2-5°  and  the  accuracy/precisicn  of  the 
deteraination  of  those  coaposing  speeds  along  the  axes  Ox  and  Oz  nust 
provide  the  deterninaticn  of  drift  argle  with  error  not  sore  than  1°. 

The  rate  of  notion  relative  tc  air  car  be  aeasured  only  by 
equipnent,  establish/installed  on  board  SVF. 


The  usual  meters  of  the  airspeed,  used  on  aircraft,  tor  determining 
the  speed  of  SVP  do  not  befit,  since  they  record/fix  only  composing 
speeds  along  the  axis  x and  do  not  sake  it  possible  to  determine  the 
vector  of  airspeed.  Therefore  during  testings  of  SVP,  it  is  necessary 
to  establish  special  equipment  for  the  neasureaent  of  speed  and 
direction  of  incident  in  SVP  air  flow.  Special  attention  aust  be 
directed  to  the  selection  of  place  for  the  setting  up  of  the 
receivers  of  equipment,  which  measures  airspeed,  since  it  is 
necessary  to  eliminate  the  effect  cf  housing  and  air  flow  in  area  of 
screw/propellers  and  air  intakes  of  fans  op  reveicers  of  this 
equipment. 

The  increased  requirements  must  be  produced  to  the 
accuracy/precision  of  the  measurements  of  the  angle  of  trim.  It  is 
kifown  that  during  a change  in  the  trim  difference  on  1°  resistance  to 
motion  changes  to  value  G$  = 0.C175G.  If  oqe  considers  that  during 
notion  on  cruising  speed  tie  hydrodymanic  quality  of  SVP  comprises 
approximately  7-10  and,  therefore,  resistance  equally  to  3.14-0.10  G, 
then  obviously  that  during  a change  in  the  trim  difference  on  1° 
resistance  to  notion  can  change  to  12-18o/o.  Therefore  for 


;>v* 
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determining  tbe  forces,  acting  on  SEP  , vibb  accuracy/precision  1-2o/o 
it  is  necessary  the  tria  difference  to  aeasure  with 

accuracy/precision  of  0.05-0.1°.  Since  to  ensure  simultaneously  the 
siailarity  of  hydrodynamic  and  aercdynaaic  forces  is  impossible,  then 
the  conditions  of  the  equilibrium  cf  the  toued  model  differ  from  the 
conditions  of  the  equilibrium  cf  self-propelled  model  and  full-scale 
SEP,  and  the  angles  of  running  trim  in  position  of  equilibrium  are 
not  equal  (effect  of  the  thrust  of  motors  is  compensated  for  by  the 
displacement  of  the  center  of  gravity  of  model) . 
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